Sleep clearly influences learning and memory since sleep deprivation and stress impairs both cognitive processes. Working memory is an essential cognitive process and refers to a short-term holding of incoming information required to update the long-term mnemonic storage and to manipulate new elements in order to solve problems and make decisions. Nevertheless, the influence of sleep deprivation on working memory has scarcely been studied. In this study we evaluated working memory using the N-back test after increasing periods of wakefulness. Healthy young males were kept awake for 36 hours and the two N-back tasks with low (1-Back) and high (3-Back) levels of complexity were applied every 6 hours. Additionally, salivary cortisol was determined along the study. Unlike the control non-deprived participants, the sleep deprived volunteers showed a significant decrease in their efficiency to solve the 1-Back task after 24 hours of sleep deprivation. However, no differences were observed after 30 and 36 hours of sleep deprivation. Concerning the 3-Back task no differences were observed after sleep deprivation. Regarding reaction time, the deprived group manifested slower responses for the 1-Back task and for the 3-Back task after 30 hours and 36 hours of sleep deprivation, respectively. Cortisol levels presented the normal daily oscillation and no differences were observed between groups. This data suggests that sleep deprivation affects basal states of attention instead of working memory while performing simple tasks. The impact of sleep deprivation on the cognitive performance depends on the moment of day when the task is applied and the complexity of the tests used to assess these mnemonic skills.
Introduction
Sleep is an essential process for normal human development and daily cognitive performance [1, 2] . Nowadays, however, the current urban life-style includes assorted and nocturnal schedules and activities that elicit stressful conditions as well as alterations in the sleep-wake rhythm [3, 4] . Both stress and sleep deprivation have a negative impact on the satisfactory function of several cognitive processes, such as, attention, motor coordination, learning, language understanding and memory [5] [6] [7] [8] [9] . In pioneer observations, Jenkins and Dallenbach [10] reported the influence of sleep on memory consolidation since the ability to remember nonsense syllables is better after a sleep period than after a wakefulness period. Recently, studies have found that the lack of an adequate sleep period affects neural networks and behavioral manifestations involving the storage of novel experiences [11] . However, although working memory constitutes one of the main mnemonic processes it has scarcely been studied in relation to sleep disorders or disturbances. Working memory refers to a short-term reserve of incoming information required to update the long-term mnemonic storage and to manipulate new elements to solve problems and make decisions [12] [13] [14] [15] [16] .
According to the Baddeley's model [13] , the incoming information processed in working memory is controlled by a central executive system that receives, connects, and organizes visual and auditory perceptions to alternate among different tasks, such as orientation, inhibition of actions, and remembering. In addition, this system is coordinated through neural networks comprising the ventral and dorsal portions of the prefrontal cortex [13] . Both brain regions manifest intense activity during the performance of working memory tasks although neural activity in the dorsal portion is more evident when a subject displays a slower recovery of information [6] . Behavioral and neuroimaging studies suggest that the deterioration of working memory could be due to the effects of sleep deprivation on the functions of the prefrontal cortex [7, 17] . The decreased metabolic signal observed in brain dynamics after sleep deprivation is related to the inhibition of cholinergic neurons located in the dorsal prefrontal cortex which is normally active during the rapid-eye-movement sleep stage [18] .
Findings related to the effects of sleep deprivation on working memory are controversial. For example, sleep deprived individuals show an increase in reaction time when performing a verbal task either after 24 hours or 36 hours of deprivation, but the efficiency evaluated by the correct responses is not affected [14, 19] . Reaction time also increases when individuals are restricted to only six hours of sleep a day for a week. In contrast with individuals sleeping eight hours daily, sleep restricted subjects exhibit an increase in reaction time while solving verbal and arithmetic working memory tasks [20] [21] [22] .
Sleep deprivation implies a metabolic and cognitive extra-demand resulting in the activation of the hypothalamus-hypophysis-adrenal axis (HHA) [23] . In normal conditions, cortisol is released during early morning just before awakening. Sleep deprived individuals do not present high levels of cortisol during the morning, but do so in the afternoon between 18:00 and 23:00 hrs, inducing arousal and altering the normal sleep-wake rhythm [24, 25] . Concerning memory, a poor execution of declarative memory tasks is clearly observed if a socially stressful condition is presented during the morning between 9:00 and 11:00 hrs. [26] .
Moreover, correct responses and the reaction time decrease during the performance of N-Back tasks if it is executed immediately after a stressful condition [27] . NBack tests were designed to assess working memory skills since the processes required to solve the task involve the use and retention of incoming information through low (1-Back), medium (2-Back), or high (3-Back) levels of complexity [28] [29] [30] [31] .
The aim of this study was to assess the effect of increasing periods of sleep deprivation on working memory through the performance of n-Back tasks with different levels of complexity. We expected to find a decrease in the efficiency of working memory with longer sleep deprivation and more complex tasks.
Method

Participants
Eighteen right-handed and clinically healthy male students were recruited voluntarily from the Universidad Autónoma Metropolitana in Mexico City (age: 27 ± 4 years old). Neuropsychiatric and clinical interviews were applied to verify absence of sleep, medical and psychiatry disorders before the study. The Beta III test [32] was applied to select volunteers with a similar intellectual coefficient within the normal range of Mexican values. None of the participants was taking any medication, alcohol or illegal drugs during the study and none was paid for his participation. The experimental protocol was designed according to the principles offered by the Helsinki Declaration for medical research involving human subjects, and it was approved by the Bioethical Committee of the Universidad Autónoma Metropolitana. All the participants signed an informed consent before the study and after the nature of the experiment was explained.
Experimental Procedure
All volunteers were asked to maintain a seven hours daily sleeping program during two weeks before the study. Participants were randomly divided into two groups, control and deprived, each one made up of nine subjects who were kept at the sleep lab during a period of 48 hours. Participants in the control group were instructed to perform their normal nocturnal 7 -8 hours' sleep period while participants in the deprived group kept awake during 36 hours. Since the study began at 08:00 participants were asked to solve two working memory tasks every six hours and saliva samples were taken at the same schedule to obtain a total of eight behavioral records and saliva samples: 08:00 (day 1, session one), 14:00 (day 1, session two), 20:00 (day 1, session three), 02:00 (day 2, session four), 08:00 (day 2, session five), 14:00 (day 2, session six), 20:00 (day 2, session seven), and 08:00 (day 3, session eight). Both control and deprived groups followed an equal protocol with the exemption of the 02:00 hrs sample on the second day when control participants were sleeping. Participants could talk, watch television, play videogames, read and do moderate physical exercise during the study if these activities did not represent stressful conditions. All the participants and activities were supervised by the research assistant. Similar light, noise, physical and social conditions were presented since the experiment was performed at the Sleep Disorder Laboratory of the Universidad Autónoma Metropolitana for all cases. All the participants were evaluated on the second night following a standard polysomnographic protocol to verify a normal brain and autonomic function during sleep.
Cognitive Tasks
were presented: 24 target trials and 96 non-target trials. The finger responses were collected by the E-prime software, which also provided the accuracy, omitted, correct and incorrect responses, and the reaction time for each stimulus. Participants performed two mock procedures at the beginning of the experiment to verify the proper understanding of the task. The detailed explanation of the task is presented in Figure 1 .
To assess working memory, two N-Back tests designed using E-prime: v 1.2 software (Psychology Software Tools, Inc., Pittsburgh, PA) were executed in a personal computer system. Briefly, the test was as follows: an 8 × 8 matrix was presented in the center of the computer screen: horizontal visual angle (HVA): 4.30˚; vertical visual angle (VVA): 3.60˚. The matrix was depicted in dark gray on a light gray background to prevent the appearance of post-images. A dark gray-filled circle (HVA and VVA: 0.0315˚) appeared during 500 ms in one of 60 of the 64 possible positions in the matrix; the four cells bordering the fixation point were not used during this task. For the 1-Back task participants were instructed to press one button whit their index finger if the position of the circle was the same as that presented one trial before and another button whit inverse index finger if it was different. For the 3-Back task participants were instructed to press one button whit their index finger if the position of the circle was the same as that presented three trials before and another button whit inverse index finger if it was different. A fixation cross in the center of the matrix (HVA: 0.6875˚, VVA: 0.5730˚) with 500 ms duration appeared between the trials throughout the experiment. Participants had 1500 ms to respond, timed from the moment when the circle appeared. A total of 120 stimuli
Cortisol Evaluation
To assess salivary cortisol a saliva sample was taken immediately before the working memory task performance. Saliva was collected using a salivette (Sarstedt company) in the subjects' mouth during 30 s. ELISA assay (Free Cortisol in Saliva ELISA, Inmuno Biological Laboratiroes IBL-America) was performed to measure the free cortisol levels [33, 34] . All salivary samples were analyzed in duplicate. To determine the range of released cortisol levels the analysis was based on the normal distribution of cortisol in healthy people (User's Manual Free Cortisol in Saliva Elisa IBL). According to this normal distribution, a 1.8 -14.7 ng/ml concentration of cortisol is presented immediately after awaking during the morning and decreases along the day displaying the lower range of 0.3 -6 ng/ml during the afternoon. 
Statistical Analysis
Database and statistical analyses were done in the SPSS 17 version software. An Adjusted Hit Rate (AHR) was calculated by the operation Hit Rate-minus-Error Rate (HR-ER) to assess the participants' efficiency in discriminating between target and non-target stimuli. HR was calculated dividing the number of correct responses for targets by the total number of target stimuli. ER was calculated dividing the number of errors for non-targets by the total number of non-target stimuli. An AHR = 0 represents a response level equal to chance; all correct responses with no errors means an AHR = 1; all incorrect responses represents an AHR = −1 [35, 31] . Mixed analysis of variance was calculated using Group (deprived vs control) as the between groups factor (Sessions 1 -8), and Level of difficulty (1 vs. 3) as the within-subjects factor. To know the efficiency in task solving the mean of the AHR and the mean of the reaction time were used in the ANOVA analyses. To know the autonomic stress re-sponse the mean of cortisol levels in ng/ml was used in the ANOVA analysis. To identify the distribution and changing rate of the working memory efficiency a learning curve was obtained by representing the mean of the AHR for each session in both the deprived and the control groups. Results with p < 0.05 was considered as statistically significant.
Results
Data concerning AHR are displayed in Figure 2 . When compared with the control group, the deprived group showed a significant decrease in the fifth session performed after 24 hours of continuous wakefulness (F (1, 16) = 5.85 , p = 0.03). No significant differences were observed in the following sessions.
Efficiency distributed in the learning curve indicated a lower proportion of correct responses for the 1-Back task after 24 hours of deprivation (session five) compared to session three before the sleep deprivation (F (1, 16) = 5.38, p = 0.028) (see Figure 2) .
Results concerning the reaction time indicated a slower execution in the deprived group for both the 1-Back and the 3-Back tasks. Significant differences were observed after 30 hours of deprivation in the 1-Back task (F (1, 16) = 7.40, p = 0.01) and in the 3-Back task (F (1, 16) = 7.5, p = 0.01) after 36 hours of deprivation (see Figure 3) .
No differences between groups and within groups along the sessions were observed in the released levels of cortisol. Both deprived and control groups manifested higher levels of free cortisol released during the morning at session one, session five, and session eight (see Figure  4) .
Discussion and Conclusions
According to previous reports [30, 36, 29] , sleep deprivation or prolonged wakefulness results in a progressive impairment in the performance of tasks involving working memory and attention. Furthermore, the impairment should be progressive as deprivation increases. However, in the present study there was a significant decrease in the number of correct responses at 24 hours only and not after this time, although the reaction time for responses were always lower and the amount of incorrect responses was higher among the sleep deprived group in comparison to the control group. These results denote the importance of a full night's sleep to effectively resolve cognitive tasks requiring working memory processes [19, 29] .
Moreover, cortisol has been repeatedly involved in memory process [24, 27, 37, 38] . As no differences were observed in the present study between the sleep deprived and the control group concerning cortisol levels, the differences in the performance of both groups are not due to cortisol variations.
Both deprived and control groups manifested a normal oscillation of cortisol with higher levels during the morning [24, 38] , which may be because 36 hours of sleep deprivation in artificial circumstances are not enough to elicit remarkable cortisol variations. These results are relevant since high levels of steroid hormones released by the adrenal cortex affect mnemonic processes and incorrect responses given to cognitive tasks could be related to the moment of the day when the task is performed [27, 37] . For example, effectiveness decreases during the morning because of a high concentration of glucocorticoids and this concentration increases after sleep deprivation [26] . Therefore, the incorrect responses and the slower reaction time in the experimental group could be related to sleep deprivation but not to cortisol levels. Concerning the N-back test it was expected that the more complex the task, the more difficulties would be presented in retaining, updating, and manipulating incoming information as it is required in working memory regulated by brain functions in the prefrontal cortex [26, 30, 36] . Nevertheless, only few significant differences were observed between groups in the simple task (1-Back) while in the complex task (3-Back) no differences were observed in the number of correct responses or in the reaction time such as in other studies [26] . These results may imply that the prefrontal function required to solve a complex 3-Back test is not affected by a 36 hours of sleep deprivation period or by stressful situations designed in experimental conditions, as used in this study. Performance for the simple 1-Back test was affected since these experimental conditions influence basal attention. Therefore, sleep deprivation in these experimental conditions may not affect working memory or executive processes regulated by ventral prefrontal and cingulate cortices [39] , but affects attention manifested in a basal wake state regulated by a frontal-dorsal and parietal system for orientation [40] . Additionally, findings suggest that responses given for cognitive tasks do not necessarily correlate with reaction time and correct responses, so the model may evaluate basal attention and not purely working memory [9] . Participants invest more attention in a more complex cognitive task is and this is observed in normal or deprived situations [20] .
Our results offer future directions for studying the influence of sleep deprivation on working memory. Concerning the N-back test, the results suggest that a more sensitive task must be developed for attention and memory, in order to properly assess the effects of prolonged wake and deprivation.
Acute sleep deprivation in artificial conditions does not elicit enough stress altering the adequate execution of working memory. The creation of a chronic experimental model may be needed to study theses effects.
Acute sleep deprivation may affect the basal level of attention in wake states to perform a simple working memory task but not the systems required in a more complex task.
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